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Abstract. The paper presents t he results of t heoretical and experim )ntal studies of t he 
aerodynamic characteristics of a wing-in-surface-effect ship (\VISES), wh ich was made 
under coordination of the Institute of Mechanics, Vietnamese Academy of Science and 
Tech nology. The theoretical researches are carried out by the ha lf analytical method 
and together by the linear and nonlinear vortex lattice methods. The experiment was 
conducted by the model on wind tunnel OTl of The Technical Institute of Air Force -
Air Defense. 
1. INTRODUCT ION 
One of t he most important problems in early manufacturing process is to design hydro-
aerodynamic diagram , to determine aero characteristic, stability and control of craft . 
These aero characterist ics are, on one hand , to determine t he perfect of the diagram 
and , on the other hand , to survey the stabili ty, control, loading and structure's durability 
of craft . Methods were used to determine aero characteristics of airplane are numerous, 
such as theoret ical calculation , testing model in wind tunnel and testing flight . Generally, 
in modeling process of aero plane, theoretical calculation and testing model are inevitable . 
Based on hydro-aerodynamic diagram, we have done many theoretical calculations by nu-
merous methods and have tested wing-in-surface-effect ship (WISES) in wind tunnel OTl . 
The results are shown in this article . 
2 . THEORETICAL RESEARCH 
2.1. Half experiment method 
Half experiment method is one of t he simplest methods to calculate ;,,ero-characteristic 
of airplane. References [5, 12] showed all necessary equations to calculate aero-characteristic. 
The following equation [5] will show how to calculate lift coefficient and drag coefficient 
with ground effect and constant angle of attack a : 
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2 . 2 .  L i n e a r  a n d  n o n l i n e a r  v o r t e x  l a t t i c e  m e t h o d  ( V L M )  
I n  t h i s  m e t h o d ,  t h e  c o n t i n u o u s  d i s t r i b u t i o n s  o f  f l o w  p a r a m e t e r s  a r e  m o d e l e d  b y  p a r t i a l  
p e r s p e c t i v e  a p p r o a c h .  T h a t  m e a n s  t h e  c o n t i n u o u s  v o r t e x  l a y e r  a n d  f r e e  v o r t e x  s y s t e m  w i l l  
b e  m o d e l e d  b y  V L M  a n d  t h e  c o n t i n u o u s  v a r i a t i o n  o f  b o u n d a r y  c o n a t i o n s  a r e  m o d e l e d  
a p p r o x i m a t e l y  b y  s t e p  c h a n g e .  T h u s ,  a t  e a c h  t i m e  o f  c a l c u l a t i o n  s u c h  a s  T = O ,  T
1
,  T 2 ,  
T 3 ,  . . .  T , . ,  b o u n d a r y  c o n d i t i o n s ,  v o r t e x  i n t e n s i t y  c o u l d  c h a n g e  d r a m a t i c a l l y ,  b u t  w i t h i n  t h e s e  
i n t e r v a l ,  t h e y  r e m a i n s  c o n s t a n t l y .  B e s i d e s ,  a t  e a c h  t i m e  o f  c a l c u l a t i o n ,  v o r t e x  l e a v e s  
t h e  f r e e  v o r t e x  s y s t e m  a n d  r e p l a c e s  l i f t i n g  s u r f a c e  o f  a e r o  p l a n e .  I n  m a n y  c a s e s  o f  f l o w  
w h i c h  s u r r o u n d s  a r b i t r a r y  o b j e c t ,  t h e  c o n t i n u o u s  L a p l a c e  e q u a t i o n  i s  r e p l a c e d  b y  l i n e a r  
d i f f e r e n t i a l  e q u a t i o n .  B e c a u s e  o f  t h e  l i n e a r i t y  o f  e q u a t i o n ,  v e l o c i t y ,  w h i c h  i s  a c c u m u l a t e d  
b y  i n d u c e d  v e l o c i t y  f r o m  V L ? \ l  s y s t e m ,  i s  a l s o  s a t i s f i e d  e q u a t i o n  o f  c o n d i t i o n  w h e n  v e l o c i t y  
i s  0  a t  i n f i n i t e  p o i n t s  w i t h  l i f t i n g  s u r f a c e  a n d  f r e e  v o r t e x  l a y e r .  A s  a  r e s u l t ,  t h e  p r o b l e m  
i s  j u s t  t o  d e t e r m i n e  i n t e n s i t y  o f  V L M  a t  t i m e  o f  c a l c u l a t i o n  a n d  t o  s a t i s f y  c o n d i t i o n s  o n  
s u r f a c e  o f  a e r o  p l a n e :  c l o s e d  c o n d i t i o n s  o f  v o r t e x  s y s t e m ,  h y p o t h e s i s  a b o u t  l i m i t e d  v e l o c i t y  
a t  b e h i n d  c o r n e r  o f  l i f t i n g  s u r f a c e ,  i n i t i a l  c o n d i t i o n s  ( w i t h  u n s t e a d y  p r o b l e m s ) .  A l l  t h e  
b o u n d a r y  c o n d i t i o n s  a r e  s a t i s f i e d  a t  c h e c k e d  p o i n t s .  N u m b e r s  o f  c h e c k e d  p o i n t s  a r e  l i m i t e d  
a n d  a r b i t r a r y .  





Fiy. 1. Calculation model of VLi\ [ which is linear with a plane t liill wing , which has limited spall 
and moves near to plane to rest ri cted surface 
\Vith this approach, the complex boundaries problerns become system of algebraic 
equation with unknowns a rc intensity of vorlex lattice . The stability of system is good . 
In 11onlincar steady problems, detcnnination of latt ice vo rtex's iutensity and strncture: of 
free vortex system arc doue together with t he support of it eration met hod. After each 
iteration '. value of lattice vortex's int ens ity and its position nxe corrected . \Viti! lir; car 
unstcaciy problems, latti ce \'Or tcx's intensity and its posiLio:i are determined by steps . 
Hcsult at the beginning of one interval is result at the end of last iutcrval. After 
determining solu t ions of linear algebraic system, we use t heorem of Giucopskii abod 
"small interval" to rlct:ermine aero charncteri st ic of aero plane [4]. 
Effect of restricted surface with aero characteri stic of wing is calculated by intrnducillp; 
virtual wing, which is also modeled by horizontally associated VLNI with intrnsi ty r * (z) 
and absolute value l' (z) but opposite rotation direction. \ Vith such rnoclel , velocities which 
arc normal to induced restricted surface of basic VLM and virtual \!LIVI eliminate each 
other and ensure to satisfy non slip boundary condition on restr ictecJ smface. 
Calculat ion model with non-plane restricted surface by linear V r,l\!I is shown in Fig. 2 
Lifting surface of wing is replaced by one continuous vortex layer. Iu calculation, t hi s 
layer is divided and modeled by VLtv1 flbcr along span , to illustrate variation in intens ity of 
vortex fiber a loug span by dividing vortex fiber into vortex interval wit!t co nstant intensity 
(val uc of iutensi ty of consccu ti vc i ntcrva ls <tre different) 
T!tese vortex intervals arc en llcd horizoutally associated '.'Or texcs ( uon-uu it intensity 
is denoted as r) . Since each horizontally associatecJ vortex can not stop at its two cuds so 
the end of cacl1 vort ex is conti nued by vortex interval until behincJ corner of wing . These 
vortexes are called vertically associated vortexes. Vertica lly associated vortexes do noL 
st.op at the behind corner of wing but arc co11tinucd by free vortex which is relr;ased Ht 
t he behind corner (is ca ll ed vortex system I). Since each free vortex is the co utinuation 
of vcrticnJly associated vortex system which release at Llic~ same position , so its in te11sity 
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F i g .  2 .  M o d e l  o f  v o r t e x  i n  t r a p c , ; i u m  w i n g  w i t h  l i n e a r  s t o p p e d  p r o b l e m  
i s  e q u a l  t o  a l g e b r a i c  s u m  o f  v o r t e x ' s  i n t e n s i t y  r e l e a s e  f r o m  d i f f e r e n t  p o s i t i o n .  A s  a  r e s u l t ,  
i n t e n s i t y  o f  f r e e  v o r t e x e s  a r e  d i f f e r e n t  ( n o n - u n i t  i n t e n s i t y  i s  d e n o t e d  a s  6 _ (
1
l ) .  ·w h e n  a n g l e  
o f  a t t a c k  c x = O,  v o r t e x e s  l i e  i n  w i n g ' s  p l a n e .  \ i \ T h e n  e x  # 0 ,  t h e y  f o r m  s p a c e  s y s t e m .  I n  
c a l c u l a t i o n  p r o c e s s ,  t h e s e  v o r t e x  f i b r e s  a r e  d i v i d e d  i n t o  c o n t i n u o u s  v o r t e x  i n t e r v a l  w ! i i c h  
h a s  s a m e  i n t e n s i t y .  
S p a c e  d i r e c t i o n  o f  t h e s e  v o r t e x  i n t e r v a l s  a r e  d e t e r m i n e d  b y  d i r e c t i o n  o f  v e l o c i t y  v e c -
t o r  a t  t h e  b e g i n n i n g  o f  e a c h  v o r t e x  i n t e r v a l .  S i m i l a r  w i t h  v e r t i c a l l y  a s s o c i a t e d  v o r t e x e s ,  
h o r i z o n t a l l y  a s s o c i a t e d  v o r t e x e s  d o  n o t  s t o p  a t  t h e  e n d  o f  w i n g  b u t  a r e  c o n t i n u e d  b y  f r e e  
v o r t e x e s  w h i c h  a r e  r e l e a s e d  a t  w i n g ' s  e n d .  F i b e r  v o r t e x  s y s t e m  d o e s  n o t  l i e  i n  w i n g ' s  p l a n e  
b u t  c r e a t e  s p a c e  v o r t e x  s y s t e m  ( w h i c h  i s  c a l l e d  v o r t e x  s y s t e m  I I ) .  I n  ca~cul ation, e a c h  v o r -
t e x  f i b e r  o f  s y s t e m  I I  i s  d i v i d e d  i n t o  v o r t e x  i n t e r v a l  w h i c h  h a s  s a m e  i n t e n s i t y  ( n o n - u n i t  
i n t e n s i t y  i s  d e n o t e d  a s  6 .  (
2
) )  a n d  s p a c e  d i r e c t i o n  o f  e a c h  i n t e r v a l  i s  a l s o  d e t e r m i n e d  b y  
r e l a t i v e  v e l o c i t y  a t  t h e  b e g i n n i n g  o f  e a c h  i n t e r v a l .  
B a s e d  o n  m o d e l  o f  V L M ,  w e  c h o o s e  p o s i t i o n  o f  h o r i z o n t a l l y  a s s o c i a t e d  v o r t e x ,  w h i c h  
i s  a l o n g  c h e c k e d  p o i n t s  s o  t h a t  i t  i s  s a t i s f i e d  h y p o t h e s i s  o f  T r a . p l u g i n - G i u c o p s k i i  a n d  d e t e r -
m i n e  i n d u c e d  v e l o c i t y  f r o m  h o r i z o n t a l l y ,  v e r t i c a l l y  a s s o c i a t e d  v o r t e x  a n d  f r e e  v o r t e x  s y s t e m  
I ,  I I  a t  e a c h  c h e c k e d  p o i n t .  A p p l i e d  b o u n d a r y  c o n d i t i o n  o n  e a c h  c h e c k e d  p o i n t ,  t o g e t h e r  
w i t h  c r e a t e  r e l a t i o n  b e t w e e n  i n t e n s i t y  o f  h o r i z o n t a l l y  a s s o c i a t e d  v o r t e x  a n d  v e r t i c a l l y  a s s o -
c i a t e d  o n e ,  b e t w e e n  a s s o c i a t e d  v o r t e x  w i t h  f r e e  v o r t e x  s y s t e m  I ,  I I ,  a n d  c o n s t r u c t  a l g e b r a i c  
e q u a t i o n  s y s t e m  w i t h  s o l u t i o n s  a r e  i n t e n s i t y  o f  h o r i z o n t a l l y  a s s o c i a t e d  v o r t e x  r~:~-l i n  c a s e  
n o  r e s t r i c t e d  s u r f a c e  [ 4 ] .  
N  n  µ k - 1  µ k - l p p - 1  =  - 2 7 f  s i n  e x ,  
2 =  2 =  r  f l k  a  1~kv 
k = l  f l = l  
( 2 . 2 )  
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v = 1, 2, 3 . .. . .. .. . . . . .. n ; p = 1, 2, 3 . . . .. ... . . . . N. 
where r~~- l - horizontally associated vortex's intensity; a~~~lpp- l - funct ion of non -
unit induced velocity components, which are created by associated vortex system and free 
vortex system at checked point. 
Intensity of horizontally associated vortex and structure of free vortex system I and II 
are determined concurrent ly by integration at each value of angle of attack a . 
At first, we determine values of vortex's intensity r~~- l when angle of attack approach 
0. In linear calculation model, free vortex system lies in wing's plane and its direction is 
concurrent with direction of velocity Uo . After that , at large value of angle of attack a , 
µK 1 based on predetermined value of r ,,"'- , we calculate structure of free vortex system I and 
II i:i. space, then determine the correct value of r~;~- l, and repeat this process until r~~- l 
reaches constant value. 
Basic linear algebraic equation system, which is used to determine intensity of VLM 
in restricted surface problem, is: 
~ ~ ~ r/.lk -:-- la/.Lk - .lpp- 1 = -27fj 
. 1~ki µkvi n' i= l k= l /.l = l 
(2.3) 
v = 1, 2, 3 . .... ...... . .. n; p = 1, 2, 3 .. . . . . .. . . . . N. 
where m - numbers of plane to illustrate aero plane 's wing and restricted surface; fn -
function of non-unit displacement at checked points on aero plane's wing and restricted 
surface. 
For VLM nonli near: 
A1 L 
/.tN - l pp - 1 = µN - lpp- 1 + n+lN - lpp- 1 _ '°"' m_+lN- l pp~ l + '°"' . /.'~+ lpp~ l k = N 
a/.t N vi Va ii.µ N Ovi Vaii.µ N - lOvi D VanmN - lOvi D Uan/.tlOvi 
m = l l= l 
M 
/.tk - lpp- l _ /.tk - lpp- 1 n + lk- lpp - 1 n+lkpp- 1 '°"' ( m + lk - lpp-1 m + lkpp-1) 
a/.tkvi - Vaii.µkOvi + Va fi /.tk - lOvi - VanµkOvi - D Vafiymk - 10vi - VanmkOvi 
with k < N - l; 1 :Si :SM; 
And for VLM linear : 
{ 
/.tN - lpp - l _ , /.lN - lpp- 1 n + l N - lpp- 1 k = N 
a µN vi - U m1/.lNOvi + 'U aii.µN - lOvi 
/.tk - lpp- 1 _ /.lk - lpp - 1 + n + lk - lpp- 1 _ n + lkpp- l 
a/.tkvi - 'Uaii./.l.kOvi 'Ua11µk - 10vi 'Ua fi /.tkOvi 
rn= l 




V an: is velocity's component which is normal to lifting surface and restricted surface. 
To determine velocity component Van, we use angle which is made by velocity vector 
with normal vector of aero plane 's surface, restricted surface at checked point ~ 
/.lk - l pp - l - /.lk - lpp - 1 
'U aii.µkOv i - 'U aii./.tkOvi COS~ · (2.6) 
Notice, that 
Linear model proposes that the vortex lines are lines nonlinear mode of VLM t ake 
account the nonlinearity of the vortex line. In this case the vortex line may have complex 
spatial structure. 
Solve system (2.3) and use equation in (2 .7), (2.8) to determine loading and aerody-
namics coeffici ent of \i\TISES . 
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L i f t  c o e f f i c i e n t :  
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6 P m c : p  b m p p - l l m p p - l  +  
_  M  {  
2  
b ; ,  N m  n m  [  
C y - L  - -s  L L  
n ,m  m  
m = l  p  c = l  
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2  m c p  m p  P m c p  m p - I  
n  
P i t c h i n g  m o m e n t :  
{  
[  
; \  - e p - l  -b  -l  - c : p - l  
M  2  N m  n m  L l P m c : p  m p p - l  m p p - I X m E : p  
m  =  - ~ ~ b m  ~ ~ 1  (  ; \  - e + l p -b  ; \  -l ( m p ) - c : + l p  
z  L  S  L L  + - L l P m c p  p L l  X m c p  
m = l  n m  m ,  p  c : = l  2  +  " - c : + l p -b  ! \  -l ( m p - l ) - - - , c : + l p - 1  
L l  P m c p  m p - 1  L l  X  r n c : p  
) ] } .  
w h e r e  
; \  - E p - l  _  ' )  ,  E : p - l  E p - 1 .  
u . p c : p  - ~Wocp · r e p  '  
E  =  1 ,  2 ,  . . .  ,  n m ,  p  =  1 ,  2 ,  . . .  ,  N m ;  
m  =  1 ,  2 ,  . . .  ,  N I ,  
" - c : + l p  - 2  c : + l p  c + l p .  - 1  2  ·  - 1  2  N  - 1  ·  - 1  ' )  ~1 
u . p c : p  - . W O c p  · r c : p  ,  E  - ,  ,  . . .  ,  n m ,  p  - ,  ,  . . .  ,  m  ,  m  - ,  ~ , . . .  ,  1 1  ,  
r
E p - l  
E : p - 1  m E : p  n m  .  - ' )  .  - 2  N  
f m E : p  .  ·  c : p - 1  ,  E  - 1 ,  - ,  . . .  ,  n m , ,  P  - 1 ,  ,  . . .  ,  m i  
b m p p - l  C O S  X r m : p  
r = + l p  
c : + l p  - m c p  ·  - 1  2  ·  - 1  2  f \ T  - 1  
l m c : p  - - (  )  ,  E  - ,  ,  . . .  ,  n m ,  P  - ,  ,  . . .  ,  n i  ,  
6 l  m p  
- ( m p )  1  - - - _  _  
{ ] . l  =  2 ( l m p + l p  +  l m p p - 1 ) ,  l p p - 1  =  Z Q p - 1  - Z Q p ·  
( 2 . 7 )  
( 2 , 8 )  
I n  w h i c h :  1:/~- l a n d  1 : ;
1
P  a r e  n o n - d i m e n s i o n  v e r t i c a l  a n d  h o r i z o n t a l  w h i r l  i n t e n s i t y  
o f  v o r t e x  l a y e r ;  w g ; P
1  
a n d  w~;Plp a r e  n o n - d i m e n s i o n  v e l o c i t y  o n  m i d - p o i n t  o f  v e r t i c a l  a n d  
h o r i z o n t a l  w h i r l ;  x ; J ; , ; /  i s  a r r o w - s h a p e d  a n g l e  b e t w e e n  p o i n t s  E p  a n d  E p  - 1  
3 .  E X P E R I M E N T  
3 . 1 .  D e s i g n ,  m a n u f a c t u r e  o f  m o d e l  v V I S E S  a n d  r e s t r i c t e d  s u r f a c e  
M o d e l  o f  \ V I S E S  a n d  r e s t r i c t e d  s u r f a c e  a f f e c t  t o  t h e  c o r r e c t n e s s  o f  e x p e r i m e n t  i n  w i n d  
t u n n e l .  D e s i g n e d  m o d e l  o f  v V I S E S  i s  b a s e d  o n  h y d r o - a e r o  d i a g r a m  a n d  i s  s a t i s f i e d  s i m i l a r  
s t a n d a r d  o f  g e o m e t r y  a n d  k i n e t i c s  w i t h  o b j e c t  a n d  s u r r o u n d i n g  f l o w  [ 6  - 8 ] .  B e s i d e s ,  
t h e  m o d e l  m u s t  b e  s a t i s f i e d  " n o  o b s t r u c t e d  f l o w "  c o n d i t i o n  i n  t e s t  t u n n e l  a n d  a b i l i t y  o f  
m e a s u r e m e n t  f a c i l i t i e s .  M o d e l  o f  v V I S E S  i s  d e s i g n e d  t o  b e  s i m i l a r  w i t h  r e a l  o b j e c t  o f  s c a l e  
1 :  6 . 2 0 .  D i m e n s i o n  o f  c o m p o n e n t s  s u c h  a s  b o d y ,  m a i n  w i n g ,  f r o n t  t r a n s f e r  t a i l  ( e l e v a t o r ) ,  
m a i n  w i n g  w i t h  e n d - p l a t e  a n d  d i m e n s i o n  b e t w e e n  c o m p o n e n t s  a r e  b a s e d  o n  d e t a i l  d r a w i n g  
a n d  m o d e l .  M o d e l  o f  c r a f t  i s  m a n u f a c t u r e d  b y  c o m p o s i t e  m a t e r i a l .  C o m p o n e n t s  o f  m o d e l  
a r e  m a n u f a c t u r e d .  I n  t h e  p r o c e s s  o f  m a n u f a c t u r e ,  c o m p o n e n t s  a r e  c h e c k e d  i n  o r d e r  t o  
s a t i s f y  d i m e n s i o n ,  s t a b i l i t y  d i a g r a m  a n d  s y m m e t r i c  o f  m o d e l .  A l l  s u r f a c e  o f  m o d e l  a r e  
m a d e  t o  b e  s m o o t h .  
R e s t r i c t e d  s u r f a c e  i s  d e s i g n e d  t o  b e  p l a n e  a n d  c a n  b e  c h a n g e  i n  a l t i t u d e  d u r i n g  e x p e r -
i m e n t .  D i m e n s i o n  o f  r e s t r i c t e d  s u r f a c e  i s  b a s e d  o n  r e s u l t s  o f  e f f e c t s  o f  r e s t r i c t e d  s u r f a c e  t o  
a e r o  c h a r a c t e r i s t i c  o f  a e r o  p l a n e  w i t h  l o w  a l t i t u d e  [ 1  - 2 ] .  R e s t r i c t e d  s u r f a c e  h a s  d i m e n ; -
s i o n  2 4 0 0 - 2 4 0 0  m m ,  a n d  i s  m a d e  b y  g l u e d  w o o d  w i t h  t h i c k n e s s  o f  1 0  m m ,  f i x e d  p l a i n l y  o 1 1  
s t a b l e  s t e e l  p a d d l e .  
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3.2. E_~periment of WISES in wind tunnel OTl 
3.2.1. Apparatus 
523 
Apparatus contains wind tunnel OTl , wind tunnel balance with the six components 
of force and moment and facilities to determine flaw's velocity in tunnel. 
3.2.2. Methods to test WISES 
Test of WISES is processed by following methods: 
- Test of different model which has small elongation coefficient Ac 
a) In case of free surrounding flow h = oo (Relative altitude h = h/ bcp; h is distance from 
behind corner to restricted surface, bcp wing's chord) 
b) In case h -1- oo. 
- Test of model of WISES in case free surrounding h = oo when: 
a) Angle of attack a f- 0 and slide angle /3= 0; 
b) Angle of attack a = O and slide angle f3 f- 0; 
c) Bot h a f- 0 vµ /3 f- 0. 
- Test of WISES model in case of near restricted surface h -1- oo when: angle of attack 
a f- 0 and slide angle /3= 0; angle of attack a = O and slide angle f3 f- 0 and both a f- 0 and 
/3 f- 0. 
3.2.3. Experim ent condition and fundam ental data of WISES m odel 
- Data about force, aerodynamic moment on model and flaw's velocity in wind t unnel 
are calculat ed in condition of pressure, t emperature, moisture at t ested time in Techno-
logical Air Force and Air Defense Instit ute. 
- Ordinat e syst em of wind t unnel balance is OZY syst em , in which OXZ concurrent 
with symmet ric plane of model. OX axis has the same line but opposite direct ion with wind 
velocity, OZ axis is perpendicular with OX axis, point down, and OY axis is perpendicular 
wit h OXZ plane, point to right with wind velocity. 
v 
z 
Fig. 3. Sign convention of forces and moments 
However , because of the convenience and to unite sign convent ion in documents of 
aerodynamic of common aero plane, sign convent ions in OZ axis are replaced by OY axis, 
and sign convent ion in OY axis are replaced by OZ axis. 
- Because of fixed frame, model has mechanism to change angle a and f3 in experiment , 
so fixed model's point wi t h wind t unnel balance can not lies in longit udinal axis of model 
(fixed frame lies outside model) . 
Fundamental data of \VISES model: Wing's area S c: 0.296 m2 ; Span 's chord length 
be: 0. 37 m ; Span length le: 0. 800 m ; Distance from fixed model's point to wing's front 
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i n  F i g .  4 .  
~ mm~~ 
_ _ _ _ _ _ _ _ _  : ·1 1 1  ___ _ __ _ _  _  
F i g .  4 .  D i m e n s i o n  a n d  e x p e r i m e n t ' s  p i c t u r e  i n  w i n d  t u n n e l  O T l  
4 .  E X P E R I M E N T A L  R E S U L T S  A N D  T H E O R E T I C A L  C A L C U L A T I O N S  
A E R O  C H A R A C T E R I S T I C  O F  W I S E S  
4 . 1 .  M o d e l  i s  u s e d  t o  c a l c u l a t e  a e r o  c h a r a c t e r i s t i c  
+  C o m p u t a t i o n a l  m e t h o d :  n o n l i n e a r  s t e a d y  V L M .  
- B u i l d  c a l c u l a t i o n  p r o g r a m  w h i c h  i s  b a s e d  o n  c h e c k e d  m o d e l .  
- S m a l l  v e l o c i t y  i n t e r v a l ;  w i t h  e f f e c t  o f  s u r f a c e ;  \ i \ T i n g  c a n a r d :  5 x 6  ( 5  s p a n s ,  e a c h  s p a n  
h a v e  6  v o r t e x e s ) ;  b e h i n d  w i n g :  1 0 x 9 .  N u m b e r s  o f  f r e e  v o r t e x  2 5 .  
+  S i m i l a r  m o d e l :  
- T a k e  i n t o  a c c o u n t  e f f e c t  o f  t w o  w i n g s :  c a n a r d  a n d  b e h i n d  w i n g  a r e  f a c t o r s  c r e a t e  
l i f t i n g  f o r c e  a n d  c o n t r o l  l o n g i t u d i n a l  c h a n n e l .  N e g l e c t  e f f e c t  o f  b o d y  o n  l i f t i n g .  
T w o  w i n g s  r e m a i n  g e o m e t r i c  c o m p o n e n t s ,  w i t h  s p a c e  a r r a n g e m e n t  l i k e s  i n  a e r o  p l a n e .  
- C a m b e r  o f  l i f t i n g  s u r f a c e  i s  o r d i n a t e  o f  a v e r a g e  l i n e :  w i t h  c a n a r d :  a c c o r d  t o  p r o f i l e  
N A C A  0 0 1 2 .  L i f t i n g  w i n g  a c c o r d  t o  p r o f i l e  N A C A  3 4 0 9  w i t h  c h o r d  w h i c h  h a s  8 5  p e r c e n t  
i s  b e n d e d  a b o u t  5 0  ( p r o f i l e  w i t h  s h a p e  S ) .  M a i n  w i n g  a n g l e  c r e a t e  3 °  w i t h  l o n g i t u d i n a l  
a x i s .  
C o n t r o l  e f f e c t :  c o n t r o l  w i n g  o c c u p y  1 / 4  c h o r d  a n d  a l l  c o r n e r .  N e g l e c t  t h e  e f f e c t  o f  
p r o p e l l e r .  
+  C a l c u l a t i o n  i s  m a d e  i n  c o n d i t i o n :  M =  V  <  0 . 5  ( M :  m a c h  n u m b e r ,  V :  a i r c r a f t  
a  
v e l o c i t y ,  a :  s p e e d  o f  s o u n d ) .  D i s t a n c e  f r o m  a s s u m e d  c e n t e r  o f  g r a v i t y  t o  h e a d  4 . 3 0  m ;  
C h a r a c t e r i s t i c  l e n g t h  o f  c h o r d  i s  2 . 3  m ;  C h a r a c t e r i s t i c  a r e a  o f  w i n g  i s  1 0 . 1 2  m
2  
4 . 2 .  C a l c u l a t i o n  r e s u l t s  a n d  t e s t i n g  m o d e l  
A e r o  c h a r a c t e r i s t i c  o f  W I S E S  a r e  r e p r e s e n t e d  b y  c o e f f i c i e n t  o f  f o r c e  a n d  a e r o d y n a m i c  
m o m e n t  a s  w e l l  a s  r e l a t i o n s h i p  b e t w e e n  t h e s e  c o e f f i c i e n t s  a n d  k i n e t i c s  p a r a m e t e r  o f  w i n g  
Research on aerodynamics of a wing-in-su1jace-eff ect ... 525 
and craft . Here, we research mainly on coefficient of force and aerodynamic moment such 
as Cy , ex, m z and kinetic paramc\,ers such as a, /3, relative altitude h = h/ bcp (his distance 
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5 .  D I S C U S S I O N  
F i g .  5 . 1  - 5 . 3  s h o w  r e s u l t s  o f  l i f t  c o e f f i c i e n t  c y ,  d r a g  c o e f f i c i e n t  C x  a n d  m o m e n t  m z  o f  
W I S E S  i n  c a s e  o f  f r e e  s u r r o u n d  f l o w  ( n e g l e c t  e f f e c t  o f  r e s t r i c t e d  s u r f a c e ) .  O b v i o u s l y ,  t h e s e  
r e s u l t s  a r e  c o n s e n t  w i t h  a l l  a r t i c l e s  w h i c h  a r e  p u b l i s h e d  b e f o r e  ( [ 1  - 3 ] ,  [ 1 0 ] )  w i t h  s i m i l a r  
a e r o  p l a n e .  
F i g .  5 . 5  - 5 . 8  s h o w  r e l a t i o n s h i p  b e t w e e n  l i f t  c o e f f i c i e n t  C y  o f  c r a f t  a n d  r e l a t i v e  a l t i t u d e  
h .  W e  c a n  s e e  t h a t  w i t h  d i f f e r e n t  c a l c u l a t i o n  m e t h o d  ( l i n e a r ,  n o n l i n e a r  V L M ,  h a l t  e x -
p e r i m e n t ,  e x p e r i m e n t ) ,  q u a l i t a t i v e  r e s u l t s  a r e  s i m i l a r .  F u r t h e r m o r e ,  t h e s e  r e s u l t s  i n c r e a s e  
g r a d u a l l y  w h e n  r e l a t i v e  a l t i t u d e  h  d e c r e a s e ,  l i f t  c o e f f i c i e n t  C y  o f  c r a f t  a t  r e l a t i v e  a l t i t u d e  
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Fig . 5.13. Dependence of pitching moment Fig . 5.14. Dependence of pitching moment 
coefficient mz on relative h at angle of attack coefficient m.z on relative h at angle of attack 
a = 0° a = 4° 
h=O.l has average value of 1.5 t imes of Cy at h=0.8 . These results are consent with [10, 
11]. 
Fig. 5.9 - 5.12 show relationships between drag coefficient Cx and relat ive alt itude h of 
craft in ha lf experiment and experiment at angle of attack a =O, 4, 8 and 12°. Calculate by 
half experiment use (2.1) with Cxo= 0.026. We can see that bot h methods are appropriate, 
the difference is not large and can be accepted . 
Fig . 5.13 - 5.14 show relat ionships between coefficient of pitching moment mz with 
relative altitude h at angle of attack a = O, 4° at calculation point with nonlinear VLM 
and at fixed point with experiment at leading edge Xr= 0.021 m . Values are accepted and 
agreed with published art icles [9 - 11] . 
6. CONCLUSION 
Frorri. the research results and discussion, we have following conclusions: 
1. Qualitative and quantitative aero characteristics of ·wrSES at free surround flow 
and near restricted surface are consent with reality and variat ion law of kinetic parameters 
such as a, (3 and h. 
2. Experiment are consent with theoretical methods. Especially, nonlinear VLM are 
the closest method with experiment. That means nonlinear VLM are correct and stable. 
\i\Tith all values of coefficient of force and aerodynamic moment which are contained 
from experiment in wind t unnel OTl and t heoretical calculat ion, we observe: 
- Lift coefficient cy at angle of attacks ensure craft to be maintain. However , in take-
off we must take int o account effect of two propellers of engine which is neglected in this 
article. 
- Drag coefficient Cx of craft at low alt it ude (near restricted surface) has average value 
of Cx=0.05 to 0.08. If craft flying with velocity V=150 to 160 km/ h, power of engine must 
be larger than 40 ml. 
- Value of moment pitching mz and ordinal of pressure center X a ensure craft to be 
stable in longitudinal direction, when center of gravity Xr = 0.19 (calculated from behind 
wing's chord). 
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D Q N G  C U A  T A U  n i ; : ; M  K H I  
B a i  b a o  t r l n h  b a y  c a c  k e t  q u a  n g h i e n  Cl r U  l y  t h u y e t  v a  t h v c  nghi~m v e  d i ; i c  t i n h  k h i  
d ( m g  c u a  t a u  d~m k h i  d o  Vi~n C a  h 9 c ,  Vi~n K h o a  h 9 c  C o n g  ngh~ Vi~t n a m  d a n g  d i e u  p h o i  
c h u a n  b j  c h e  t 0 o ,  t h u  nghi~m. N g h i e n  c i . ' . r u  l y  t h u y e t  d u Q ' c  t h v c  hi~n t r e n  c a  s &  p l m a n g  
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p h i  t u y e n .  N g h i e n  Cl r U  t h v c  nghi~m d l ! ' Q ' C  t i e n  h a n h  t r e n  m o  h l n h  t r o n g  6 n g  k h i  d < m g  
O T l  c u a  Vi~n K y  t h u $ , t  P h a n g  k h o n g  - K h a n g  q u a n .  
